Summary Benign focal epilepsy in childhood with centro-temporal spikes (BECTS) is one of the most common forms of idiopathic epilepsy, with onset from age 3 to 14 years. Although the prognosis for children with BECTS is excellent, some studies have revealed neuropsychological deficits in many domains, including language. Auditory event-related potentials (AERPs) reflect activation of different neuronal populations and are suggested to contribute to the evaluation of auditory discrimination (N1), attention allocation and phonological categorization (N2), and echoic memory (mismatch negativity -MMN). The scarce existing literature about this theme motivated the present study, which aims to investigate and document the existing AERP changes in a group of children with BECTS.
Introduction
Benign epilepsy with rolandic or centro-temporal spikes (BECTS) is the most common form of idiopathic epilepsy in children, with age of seizure onset between 3 and 14 years, representing 8-23% of epilepsies under the age of 16 and is more common in boys than girls (Bernardina et al., 2005) . It is defined as a truly benign partial idiopathic epilepsy, mainly because spontaneous recovery usually occurs before adolescence in absence of neurological and cognitive impairment, whether antiepileptic medication is started or not (Nicolai et al., 2007) . However, several studies have questioned the benign nature of BECTS reporting neuropsychological deficits in many domains (Liasis et al., 2006; Myatchin et al., 2009 ). This seems to be related with the atypical form of BECTS, characterized by the presence of neurological deficits, continuous spike wave during sleep, atypical absences, speech delay, and intellectual deficits (Wong et al., 1985) .
BECTS patients show scalp topography of synchronous discharges of the EEG with largest amplitudes over the temporal areas of both hemispheres and over frontocentral regions (Braga et al., 2000; Pan and Lüders, 2000) . In addition, high amplitude of somatosensory evoked potentials has been reported reflecting enhancement of cortical excitability even during sleep (Ferri et al., 2000) . This is consistent with other research on motor evoked potentials elicited by transcranial magnetic stimulation, that causes an increase in amplitude substantially above normal values in children with BECTS (Manganotti and Zanette, 2000; Skrandies and Dralle, 2004) . However, literature is scarce concerning auditory processing reflected on electrophysiological measures such as auditory event-related potentials (AERPs). In this line of research, Liasis et al. (2006) reported that asymmetry of P85-120 and absence of mismatch negativity (MMN) during wake recordings may indicate abnormal processing of auditory information at a sensory level. The presence of structural abnormality indicated by imaging is not a predictor of ERPs abnormalities to visual and auditory modalities (Turkdogan et al., 2003) . In a comprehensive study, Boatman et al. (2008) using behavioral and electrophysiological methods demonstrated speech recognition impairments in a group of children with BECTS reflecting dysfunction of nonprimary auditory cortex, with the presence of N100 and MMN to tones but the absence of MMN to speech stimuli.
The ability to detect, discriminate and analyze auditory stimuli is essential for normal learning and development. AERPs provide objective measures of central auditory processing. These scalp recorded potentials reflect activation of different neuronal populations that are suggested to contribute to auditory discrimination (N1), attention allocation and phonological categorization (N2), automatic pre-attentive discrimination and perception, and echoic memory (MMN) (Näätänen, 1995; Liasis et al., 1999 Liasis et al., , 2001 Henkin et al., 2002) .
The aim of the present study was to investigate and document putative changes in AERPs components (N1, N2b, and MMN) in a group of children with BECTS.
Methods
Five children (all male; M = 10.0 years; SD = 1.87; range 8-12) with clinical and electroencephalographic criteria for BECTS were included in the study and compared with a matched control group of 6 healthy children (all male; M = 11.3 years; SD = 2.65; range 7-14).
All participants had normal hearing and vision, no ear malformation, and no neurological or mental deficits. Children from BECTS were seizure free for the last 3 months and no history of language regression with the onset of seizures. Medication and other clinical characteristics are shown in Table 1 .
Based on parental report, all participants were enrolled in mainstream academic programs (BECTS group: M = 4 years of education, SD = 1.87; control group: M = 5.17 years of education, SD = 2.48). Both groups had one child left handed and the rest right handed.
The experimental procedures followed the tenets of the Declaration of Helsinki. It was approved by the local Ethics Committee from Hospital São João (CES -Comissão de Ética para a Saúde) and parents gave informed consent concerning their children's participation in the study.
During EEG recording (512 Hz sampling and bandwidth 0.05 Hz-100 Hz; 32 channel bio-amplifier Refa32, ANT Neuro, Netherlands) participants were presented with two active auditory oddball paradigms: a block of pure-tone stimuli (std: 1000 Hz; dev: 1100 Hz; created in Audacity software v2.0.0) and other of consonant-vowel (CV digitalized rate of 44,100 Hz with 175 ms duration, spoken by a male Portuguese voice; std:/ba/118 Hz; dev:/pa/127 Hz, recorded with Nuendo software v4.3.0) with a stimulus onset asynchrony (SOA) of 800 ms, to a proximal sound level of 75 dB SPL. In both blocks (300 trials), standard stimuli comprised 80% of all trials, while deviant stimuli comprised 20%. Recordings were obtained from: Cz, Fz, Fpz, M1, M2 and Oz (ground), referenced to averaged ear lobes (A1 and A2). An electrode was attached above right eye to monitor the electrooculogram (EOG). Impedance between the electrodes and skin were kept below 10 k at all sites. Stimuli were presented using Presentation ® software (Neurobehavioral Systems, Inc.) via closed headphones while the participants where comfortably seated in an armchair and instructed to keep alert with eyes-open, passively listening to auditory stimuli and focused on a small cross in the center of a computer screen during recording. Preprocessing included band-pass filtering (0.3-30 Hz), entire sweep linear detrending and a baseline correction of individual epochs (60 ms).
The MMN was determined from the Fpz, Fz, Cz, M1 and M2 electrodes, by computing difference waves, i.e. by subtracting the average standard-stimulus response from the average deviant-stimulus response for each electrode and subject. The N1 and N2b were identified as the two largest negative peaks occurring between 100 and 300 ms.
Results
The N1 and N2b auditory ERP components were present in all participants for both pure-tones and CV conditions. Statistically significant results were obtained with nonparametric tests (Wilcoxon -two independent samples), for = 0.1.
Pure-tones
Mild reduced amplitudes of N1 were found to pure-tone stimuli in BECTS group from Fpz, Fz and Cz compare to control group. Regarding latencies of N1 and N2b, only a slight delay was found for the BECTS group more pronounced in fronto-central electrodes positions (Fig. 1 ), but with no statistical significance. For pure-tone stimuli MMN in BECTS group was almost absent for all electrodes (Fig. 2) .
Consonant-vowel
BECTS group revealed high amplitude of N2b to deviant CV stimuli at Cz (p = 0.075, 1-tailed) compared to control group ( Figs. 1 and 2 ). In addition, mild reduced amplitudes of N1 were found to pure-tone stimuli in BECTS group from Fpz, Fz and Cz, but with no statistical significance. Regarding latency, a slight but significant delay of N1 was found for the BECTS group from Fz (p = 0.036, 2-tailed; Fig. 1 ). No relevant differences were found between groups regarding MMN waves for CV stimuli (Fig. 2) .
Discussion
The findings in this study are consistent with literature, concerning increased excitability of cortical structures (Manganotti and Zanette, 2000; Skrandies and Dralle, 2004; Turkdogan et al., 2003; Liasis et al., 2006) and larger amplitudes in all frequency bands of the spontaneous EEG (Braga et al., 2000; Pan and Lüders, 2000) in BECTS. Although some subjects are on medication, only P300 seems to be affected by CBZ (Enoki et al., 1996) . Our results illustrate that AERPs may detect and reveal increased cortical excitability in children with BECTS as reflected by N2b component in CV paradigm. However, the same amplitude enlargement is not seen with pure-tone stimuli, but slight reduced amplitude of N1 at Fpz, Fz, and Cz electrode positions, this is consistent with Boatman et al. (2008) study indicating integrity of the primary auditory cortex. Regarding MMN, results to speech stimuli seem consistent with the scarce literature. The amplitude reduction or absence of MMN may indicate disruption of the evolution and maintenance of echoic memory traces (Liasis et al., 2006) possibly leading to impairments in speech recognition and consequent risk for academic difficulties (Boatman et al., 2008) . In agreement with other studies (Liasis et al., 2006; Rosburg et al., 2008) , our results suggest a deficit in auditory novelty detection and orienting response, with a potential failure of inhibitory mechanisms, as reflected by decreased N1 and an enhancement of N2b component to speech stimuli. It seems that if the brain cannot orient a response by inhibiting irrelevant information, attention allocation processes are highly activated to compensate this. Furthermore, this is in keeping with recent findings showing the loss of inhibitory properties of pyramidal neurons is related to epileptogenesis (Yu et al., 2006; Dravet, 2012) . Another explanation is that the enlargement of N2b to speech stimuli seen in BECTS group, share the same cortical generator as the spontaneous rolandic spikes.
These results provide new insights into altered brain processes underlying the discrimination and perception of speech and non-speech in the presence of rolandic epilepsy. Supporting our view that AERPs can provide a useful tool to detect and reliably reveal cortical excitability in children with typical BECTS that might be at risk for language deficits and school difficulties. However, the connection or possible interrelation between cortical excitability, medication and neuropsychological assessment still needs to be investigated and clarified in further studies with more participants.
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